Nevi are important phenotypic risk factors for melanoma in adults. Few studies have examined the constitutional and behavioral factors associated with a mole-prone phenotype in adolescents.
T he incidence of and mortality from cutaneous melanoma continue to rise. 1, 2 Phenotypic characteristics of melanocytic nevi in adulthood, such as total body nevus count and the presence of atypical or dysplastic nevi, are among the strongest known risk factors of melanoma. 3 Childhood and adolescence are critical periods for the appearance and evolution of nevi. [4] [5] [6] [7] [8] [9] [10] A more precise understanding of the natural history of nevi, particularly in young individuals, may have important implications for primary melanoma prevention. 11 The US Preventive Services Task Force currently recommends educational interventions for fair-skinned individuals 10 to 24 years of age related to minimizing exposure to UV radiation to reduce the risk for skin cancer. 12 Several expert groups in the United States and worldwide recommend that patients at high risk of developing melanoma receive regular physician screenings and education about skin selfexamination and sun protection. 13 Previous studies [4] [5] [6] [7] [8] [9] [10] [14] [15] [16] [17] have investigated factors associated with a mole-prone phenotype during childhood and adolescence, but few have longitudinally examined the dermoscopic features of individual nevi in children, which may help inform melanoma prevention strategies.
The Study of Nevi in Children (SONIC) is a populationbased study designed to prospectively document the evolution of individual nevi in children using clinical and dermoscopic photography. [18] [19] [20] [21] A previous report on the stability and volatility of nevi in this cohort found a median increase of 2 new back nevi during a 3-year period from the 5th to 8th grade, with 75% of participants having 1 new back nevus.
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Previous analyses also suggested that factors such as high baseline nevus count at 11 years of age, globular nevi dermoscopic pattern, and sunburn were associated with an increase in total nevus count by 14 years of age. 23 Herein, we aimed to identify factors in early adolescence (age, 14 years) associated with a mole-prone phenotype in late adolescence (age, 17 years).
Methods
This study was conducted from January 1, 2009, to December 31, 2014, with a 2-to 3-year follow-up. Details about participants and protocols regarding implementation and data collection have been previously described. 22, [24] [25] [26] The study population included the graduating classes of 2012, 2014, and 2015 from high schools in Framingham, Massachusetts. A list of all eligible participants aged 13 to 15 years in the 8th or 9th grade was obtained from the school system, and a description of the study as well as consent and assent forms were mailed to families requesting participation. Consenting participants underwent skin examinations, digital photography of the back and legs, and completed a self-administered questionnaire at baseline in the 8th (graduating classes of 2014 and 2015) or 9th grade (graduating class of 2012) and at follow-up in the 11th grade. The study was approved by the Boston University and Harvard University institutional review boards and was conducted in accordance with the Declaration of Helsinki.
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Data Collection
Clinical overview images of the participants' back and legs as well as contact, nonpolarized dermoscopic images of select back and leg nevi were obtained. Up to 8 back nevi were imaged per participant: the largest nevus and up to 3 random nevi were selected from the upper back and the largest nevus and up to 3 random nevi were selected from the lower back, if present. In addition, up to 8 leg nevi were imaged per participant: the largest nevus and up to 3 random nevi were selected from the upper leg and the largest nevus and up to 3 random nevi were selected from the lower leg, if present. Owing to time constraints imposed by the school, leg nevi were imaged from only 1 randomly selected leg that was determined prior to the date of imaging. Definitions for anatomical sites and method of selection of the random nevi have been previously published.
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Digital photography was performed with a digital camera back (Phase One P25; Hasselblad), Hasselblad 403w camera system (403w; Hasselblad), 1-kW flash system (Studio Flash; Canfield Scientific Inc). Dermoscopic images were obtained using a digital camera (Nikon D90; Nikon) and 60-mm macro lens (Nikkor; Nikon) with a dermoscopy attachment (Epi-Flash; Canfield Scientific Inc). Images were stored in Mirror software, a clinical imaging database that permits a resolution of 3 million pixels (Canfield Scientific Inc).
A study nurse (M.B.) assessed participant characteristics on the day of imaging. Data on sex and race/ethnicity were obtained from the school district. In addition, the children completed surveys that included questions on sun sensitivity; total sun exposure; sun protection practices, including use of hats and sunscreen; frequency of sunburns and painful sunburns; and tanning behavior (eg, like or dislike tanning, spending time to get a tan). From these data, composite variables, sun sensitivity index (SSI), 22 and outdoor sun exposure were created. The SSI is a composite variable representing skin color, hair color, and tendency to burn with sun exposure rather than tan whereby a higher score represents fair skin, light hair, and increased tendency to burn. Outdoor sun exposure is a composite variable quantifying total outdoor sun exposure for a typical week by combining weekday and weekend responses for each participant by his or her relative contributions. This variable is categorized by low, medium, and high levels of exposure by tertiles of the distribution.
Key Points
Question Can factors associated with a mole-prone phenotype in late adolescence be identified in early adolescence?
Findings In this cohort study, baseline total nevus count and variability in nevus dermoscopic pattern in early adolescence was significantly associated with a mole-prone phenotype in late adolescence.
Meaning Clinically recognizable factors associated with a mole-prone phenotype may facilitate the identification of a population at risk for melanoma and have implications for primary prevention strategies and skin self-examination practices. open-source manual mark-up software tool. Nevus surface area was calculated from dermoscopic images using the same method and software. Lesion borders were visually identified, and then the number of pixels in the circumscribed area was obtained and converted to the number of pixels per millimeter. A total of 3293 lesions of the baseline cohort were dermoscopically imaged, of which 1005 (30.5%) were excluded because they were associated with participants lost to followup, they were not nevi (as determined in image analyses), or their images were of poor quality. In sum, 2288 nevi from the back (n = 1777) and legs (n = 511) were included in the study: 972 (42.5%) were homogeneous, 922 (40.3%) were reticular, 280 (12.2%) were globular, and 83 (3.6%) were complex. Dermoscopic images were not available for 31 lesions. The method used for image analyses was the same for baseline and follow-up.
Image Analysis
Statistical Analysis
Descriptive statistics were used to characterize the study population. Descriptive frequencies were calculated to assess the distribution of host, sun, and dermoscopic characteristics. Participants who completed the follow-up evaluation were classified as having a mole-prone phenotype if, in the 11th grade, they had a total nevus count of the back and 1 randomly selected leg in the top decile of the cohort, or they had any nevi greater than 5 mm in diameter in these anatomical locations. We selected nevus size as an objective criterion for a moleprone phenotype given the lack of consensus regarding the features of atypical or dysplastic nevi. 29 Multiple imputation using multinomial logistic regression was used to handle missing survey data. Univariate and multivariate analyses of baseline host factors and sun behaviors were evaluated by mole-prone phenotype using 2-tailed t tests, χ 2 tests, and logistic regression.
As nevi were nested within students, random-effects logistic models were used to evaluate dermoscopic factors. In these models, a variable for the student was entered as a random effect. The dependent variable was mole-prone phenotype in the 11th grade. Odds ratio (OR) estimates along with 95% CIs were obtained from both univariate and multivariate models. Student sex, sun sensitivity index, race/ethnicity, and baseline nevus count were included in multivariate regression models as potential confounding factors. P < .05 was considered significant. All statistical analyses were performed using Stata software, version 14.1 (Stata Corp). ; these participants were used in the analysis. The overall retention rate was 73.3%. The median nevus count of the back and 1 randomly selected leg at baseline was 15 nevi (interquartile range, 5) and at follow-up was 21 nevi (interquartile range, 28). The distributions of total nevus counts at baseline and follow-up are in eTable 2 in the Supplement. The median number of dermoscopically imaged nevi per participant was 7 (interquartile range, 5). The median nevus count for the top decile of the cohort at follow-up was 73 nevi (interquartile range, 21). At follow-up, 111 students (26.6%) demonstrated a mole-prone phenotype. Of the students with a mole-prone phenotype, 69 (62.2%) had at least 1 nevus that was greater than 5 mm in diameter, 23 (20.7%) had a total nevus count in the top decile, and 19 (17.1%) exhibited both characteristics.
Results
Description of Cohort
Host Characteristics
Host characteristics, such as white race/ethnicity and SSI, were associated with a mole-prone phenotype in the 11th grade ( Table 1) . Of the 111 participants with a mole-prone phenotype, 107 (96.4%) were of white race/ethnicity and 56 (50.5%) exhibited the highest SSI. White participants were more likely to be categorized as having a mole-prone phenotype compared with nonwhite participants (OR, 4.14; 95% CI, 1.45-11.84; P = .008). Participants with the highest SSI were also more likely to have a mole-prone phenotype compared with those with the lowest SSI (OR, 7.64; 95% CI, 1.76-33.12; P = .007). A higher geometric mean baseline nevus count (38.4 vs 15.3; P < .001) in the 8th grade was significantly associated with a mole-prone phenotype in the 11th grade. To better characterize this association, we conducted analyses by quintiles of baseline nevus count (Table 1) . Compared with students with between 0 and 6 nevi at baseline (first quintile), students with greater than 12 nevi (third quintile and higher) were more likely to be categorized as having a mole-prone phenotype at follow-up (third quintile: OR, 5.08; 95% CI, 1.95-13.23; P = .001; fourth quintile: OR, 5.53; 95% CI, 2.10-14.52; P = .001; and fifth quintile: OR, 26.79; 95% CI, 10.39-69.06; P < .001). 
Dermoscopic Features
Univariate analyses of dermoscopic pattern by mole-prone phenotype in the 11th grade demonstrated an overall significant association (Pearson χ 2 = 34.1; P < .001). Compared with homogeneous nevi, globular nevi at baseline were associated with increased odds of having a mole-prone phenotype at follow-up evaluation (OR, 1.64; P = .003), as were complex nevi at baseline (OR, 2.28; P = .002). Raised lesions were also more likely to be associated with a mole-prone phenotype (OR, 2.18; P = .005) ( Table 2 ). The number of colors in a single nevus or the presence of lesion asymmetry was not significantly associated with having a mole-prone phenotype. Descriptive frequencies of dermoscopic factors are given in eTable 3 in the Supplement. A reticular-globular host dermoscopy pattern was more likely to be associated with a mole-prone phenotype compared with a homogeneous host dermoscopy pattern (OR, 2.51; 95% CI, 1.00-6.32; P = .051), as was a complex host dermoscopy pattern (OR, 3.86; 95% CI, 1.48-10.05; P = .006). In addition, the presence of 3 (OR, 4.64; 95% CI, 2.11-10.21; P < .001) or all 4 (OR, 13.11; 95% CI, 4.52-38.00; P < .001) nevus dermoscopic patterns in an individual was significantly associated with a mole-prone phenotype compared with having only 1 pattern.
Multivariate Analyses
Following adjustment for sex, SSI, and baseline nevus count, a history of sunburn or painful sunburn was not associated with a mole-prone phenotype (Table 2) . Participants who had 3 or more sunburns in the past summer exhibited increased odds of mole-prone phenotype that were not significant (adjusted OR, 1.92; 95% CI, 0.94-3.89; P = .07). Baseline dermoscopic factors including nevus pattern, raised lesions, and host dermoscopy pattern were also not associated with a mole-prone phenotype. Having all 4 types of nevus dermoscopic patterns remained associated with a mole-prone phenotype (adjusted OR, 4.24; 95% CI, 1.36-13.25; P = .01). Controlling for race/ ethnicity and number of dermoscopically imaged nevi per participant did not change our results. Finally, individuals in the fifth quintile of baseline total nevus count (>31 nevi) were significantly more likely to exhibit a mole-prone phenotype at follow-up compared with the individuals in the first quintile (<6 nevi), following adjustment for all host, sun, and dermoscopic factors with a significant association on univariate analysis (adjusted OR, 9.08; 95% CI, 4.0-23.7; P < .001).
Discussion
We report on factors in early adolescence associated with a mole-prone phenotype in late adolescence. Our study longitudinally followed up a cohort of children in Framingham, Massachusetts, and identified host, sun, and dermoscopic characteristics in the 8th or 9th grade associated with a mole-prone phenotype in the 11th grade. In multivariate analyses, we found clinically recognizable baseline characteristics, specifically, total nevus count and variability of nevus dermoscopic pattern, to be associated with having a mole-prone phenotype at follow-up. Identification of a population with a mole-prone phenotype at an early age may have implications for primary prevention strategies and skin self-examination practices.
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Previous work in identifying risk factors for cutaneous melanoma has largely been conducted in adult populations and focused on host and sun exposure characteristics. Our findings are consistent with those of previous studies examining the factors associated with risk of melanoma, which have demonstrated that race/ethnicity, skin phenotype, and total nevus count are significant risk factors for the development of melanoma. 3, [30] [31] [32] [33] Furthermore, a history of sunburn, which was a significant factor associated with a mole-prone phenotype on univariate analysis, has also been previously shown to be positively correlated with increased risk of melanoma. 11, 34 We did not find any association between outdoor sun exposure or the use of sun protection and a mole-prone phenotype. However, these findings must be interpreted with caution as our survey questions were self-reported and addressed exposures only in the 1 year prior to administration; as such, they do not represent cumulative lifetime sun behaviors. In fact, a previous randomized intervention trial demonstrated that sunscreen use may attenuate the development of new nevi in white school-aged children. 35 Future long-term prospective cohort studies are needed to definitively examine the association of sun exposure and photoprotection habits with nevus counts in children and adolescents, ideally starting with a younger cohort and using more frequent follow-up intervals. In addition, liking to get tan, but not spending time to get tan, was associated with decreased odds of having a mole-prone phenotype, even after adjusting for SSI. "Liking to get tan" is an attitude, not a behavior, which is likely affected by many social and cultural influences. We advocate caution in drawing significant conclusions from these findings. To our knowledge, few studies have examined whether dermoscopic patterns of nevi are associated with risk of melanoma. Two previous case-control studies of adults showed that a complex dermoscopic pattern was observed more frequently in patients with melanoma than in controls.
36,37 Another cross-sectional study demonstrated that dermoscopic nevus patterns were similar for age and body site in people with different levels of risk of melanoma. 38 On multivariate analysis, neither dermoscopic pattern of individual nevi nor host dermoscopy pattern was significantly associated with a mole-prone phenotype. However, we did find on multivariate analysis that individuals possessing all 4 nevus dermoscopic patterns at baseline were more likely to be categorized with a mole-prone phenotype at follow-up. These findings suggest that variability in the dermoscopic pattern of an individual's nevi may play a role in assessing risk of melanoma. However, the clinical significance of our findings requires further validation.
Strengths and Limitations
Our study has multiple strengths. The longitudinal design allows for the prospective documentation of individual nevi over time. This design affords a better understanding of the natural history and evolution of nevi under the lens of dermoscopy. In addition, our outcome variable incorporates 2 factors (total nevus count and nevi of diameter >5 mm) previously shown to be positively correlated with risk of melanoma. 3 Finally, the fact that our study was conducted in a population-based cohort enhances the generalizability of our findings. There are also significant limitations to our study. First, the study population was predominantly white, which hinders the applicability of our findings to other racial groups. Second, imaging of nevi was limited to the back and legs, so our results may not be representative of nevi present in all anatomical sites. Although these areas do not represent all of the constitutional nevi, the use of the back and legs provides a sampling of nevi from sites that frequently develop melanoma.
39,40 Third, our study analyzed changes in host and dermoscopic factors in a relatively small cohort during a short follow-up period of 2 or 3 years. Fourth, our outcome of interest (mole-prone phenotype) was a surrogate marker for the possible development of melanoma. Not all individuals with a mole-prone phenotype will develop melanoma, nor do all individuals who develop melanoma express a mole-prone phenotype. In addition, it is unclear if a mole-prone phenotype at 17 years of age is associated with a nevus phenotype at high risk for melanoma as an adult; therefore, the results of our study cannot be extrapolated past the 11th grade. However, since individuals with a moleprone phenotype may be an important target population for primary prevention measures and skin self-examination, we believe that our use of this surrogate marker is valid, especially since a study in adolescence that uses melanoma as the primary outcome is not feasible. 
Conclusions
We found clinical and dermoscopic features in early adolescence that are associated with a mole-prone phenotype in late adolescence. Participants with a mole-prone phenotype constituted less than one-third of the total study population at follow-up and were more likely to have a higher baseline total nevus count and increased variability of dermoscopic patterns. Combined with earlier findings in preadolescent individuals, [21] [22] [23] the data suggest that a segment of the adolescent population is likely to be at an increased risk for melanoma and can be identified and targeted for enhanced melanoma prevention efforts before the initiation of tanning behaviors. The varied cutaneous presentations of lupus erythematosus (LE) continue to make its diagnosis challenging even for experienced diagnosticians. In accordance with its many manifestations, cutaneous LE has been known by several different names throughout history. During the mid19th century, dermatologists at the prominent Paris and Vienna schools of dermatology began synthesizing the diverse cutaneous features of LE into a uniform diagnosis. While lupus, from the Latin for "wolf," is today generally understood to refer to LE, in the 19th century the term was widely applied to a variety of ulcerative and destructive cutaneous lesions of the face. In particular, lupus vulgaris, which described the nodular, ulcerative lesions of cutaneous tuberculosis, was then a relatively common dermatologic diagnosis. 1 In 1828, Swiss dermatologist Laurent-Théodore Biett (1781-1840) of the Saint-Louis Hospital in Paris first described a condition characterized by the development of erythematous, elevated, and well-defined patches on the face "about the breadth of a thirty sous piece."
2 He called this condition érythème centrifuge and noted it seemed to arise exclusively in young patients. 2 The lesions that Biett observed and described were likely discoid LE. Nearly 2 decades later, in 1845, Ferdinand von Hebra (1816-1880), founder of the Vienna School of Dermatology, characterized a novel erythematous eruption in which the sebaceous glands of the face, cheeks, and nose formed a "congested patch, which is covered with scales." 1 Believing that this disease was related to other seborrheic conditions, Hebra introduced the term seborrhoea congestiva. 1 In addition, Hebra noted that the eruption often took the shape of a butterfly pattern, 1 representing the first clear description of the malar eruption of acute cutaneous LE. As several terms for the lesions of LE circulated among dermatologists, it was Biett's student in Paris, Pierre Louis Alphée Cazenave (1795-1877), who organized the varied descriptions into a single diagnosis. Cazenave classified the condition as a form of lupus owing to the morphologic and cicatricial characteristics of the lesions, coining the term lupus erythematosus.
3 In Vienna, Hebra followed Cazenave's developments and was persuaded that lupus erythematosus, rather than seborrhoea, was the more appropriate name for this condition. 1 Hebra thereafter adopted Cazenave's terminology. Consensus on terminology provided a common language for continued dialogue on this novel condition. In Vienna, Hebra's pupil Moritz Kaposi differentiated LE from lupus vulgaris, clarifying that LE is unrelated to tuberculosis. Kaposi distinguished between discoid and disseminated forms of LE, refining the classifications surrounding what was then a fledgling disease. 1 Over time, systemic manifestations of LE were recognized, as well as distinctive presentations of acute and chronic LE. From its origins as a mysterious condition known by a variety of different names, LE has since continued to spark the interest of clinicians and medical researchers across time and space. 
